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ABSTRACT 
Natural History and Breeding System  
of Maguire Primrose  
by 
Jacob B. Davidson, Master of Science 
Utah State University, 2010 
Major Professor: Dr. Paul G. Wolf 
Department: Biology 
 The goal of this thesis was to examine the breeding system and natural history of the 
Maguire primrose (Primula cusickiana var. maguirei).  Maguire primrose is an endemic, 
threatened subspecies found only along a narrow corridor within Logan Canyon in northern Utah, 
USA.  This plant displays distinct flower distyly, with clear distinction of pin and thrum 
morphologies (morphs).  The timing of Maguire primrose flower blooms was disparate between 
upper and lower canyon populations, and the flowers experienced cool temperatures occasionally.  
I captured eight different species of flying insects visiting Maguire primrose flowers, and made 
67 observations of insect visitation.  Inter-morph outcrossing hand pollinations were the most 
successful hand pollinations performed, but were usually not as successful as those that were 
naturally pollinated.  Selfing rates were quite low compared to outcrossing reproductive 
scenarios.  Morph-specific fecundity differences were detected in my hand pollinations, but not in 
the naturally pollinated maternal plants.  I did not observe clear fecundity differences based on 
the canyon location of Maguire primrose.   
(63 pages) 
 iv 
ACKNOWLEDGMENTS 
I deeply thank my advisor, Paul G. Wolf, and my thesis committee members, James H. 
Cane and Eugene W. Schupp.  Their patience and energy dedicated to improving this 
investigation have been humbling.  Funding and Hobo monitors were provided by USDA US 
Forest Service Wasatch-Cache Ranger District with kind assistance from Mike Duncan.  I also 
thank Vince Tepedino, Josh Der, Kristal Watrous, Mark Ellis, and Aaron Duffy for their 
incalculable guidance and help throughout the project.  The US National Pollinator Collection 
staff provided kind assistance in identification of our flying insects by Harold Ikerd, Terry 
Griswold, Molly Gee, and Jamie Strange.  Continued encouragement from Greta Schen, Sylvia 
Torti, and Mike Duncan (US Forest Service) was greatly appreciated.  US Fish and Wildlife 
permitting help was provided by Larry England.  Extra field assistance was fearlessly provided by 
Maureen Correll, Scarlett Vallarie, Jan Summerhays, Caleb Izdepski, and Holden Vallarie.  
Pollinator exclusion sewing was kindly donated by Carol Rowe. 
Jacob B. Davidson 
 v 
CONTENTS 
Page 
ABSTRACT.................................................................................................................................... iii 
ACKNOWLEDGMENTS .............................................................................................................. iv 
LIST OF TABLES.......................................................................................................................... vi 
LIST OF FIGURES .......................................................................................................................vii 
CHAPTER 
1. INTRODUCTION ............................................................................................................. 1 
2. NATURAL HISTORY OF MAGUIRE PRIMROSE, PRIMULA CUSICKIANA VAR. 
MAGUIREI (PRIMULACEAE)......................................................................................... 4 
 
3. BREEDING SYSTEM OF THE THREATENED, ENDEMIC, PRIMULA
       CUSICKIANA VAR. MAGUIREI (PRIMULACEAE) IN UTAH................................. 28 
 
4. CONCLUSIONS............................................................................................................... 53 
APPENDIX.................................................................................................................................... 55 
 
 vi 
LIST OF TABLES 
Table  Page 
2-1 Temperature and Relative Humidity during Maguire Primrose  
 flowering periods .............................................................................................................. 21 
 
2-2 Insects captured visiting Maguire primrose ...................................................................... 22 
 
2-3 Observed number of visitors to Maguire primrose by location for  
 combined 2008 and 2009 field efforts .............................................................................. 23 
 
3-1 Number of sample plants by morphology and canyon location, with mean seed set values 
for treatments by morphology for Primula cusickiana var. maguirei .............................. 45 
 
3-2 Model factor distributions in seed set analysis for  
 Primula cusickiana var. maguirei ..................................................................................... 46 
 
3-3 Model factors and their P-values of fruit set analysis for  
 Primula cusickiana var. maguirei ..................................................................................... 46 
 
3-4 Model factors and their P-values of seed set analysis for  
 Primula cusickiana var. maguirei ..................................................................................... 46 
 
3-5 Adjusted P-values for autogamy and geitonogamy pair-wise comparisons  
 for Primula cusickiana var. maguirei ............................................................................... 46 
 
3-6 Adjusted P-values for selfing and outcrossing pair-wise comparisons  
 for Primula cusickiana var. maguirei ............................................................................... 47 
 
3-7 Adjusted P-values of outcrossing (IX v LX) pair-wise comparisons  
 for Primula cusickiana var. maguirei ............................................................................... 47 
 
3-8 Adjusted P-values of morphology specific pair-wise comparisons  
 for Primula cusickiana var. maguirei ............................................................................... 47 
 
3-9 Adjusted P-values of treatment and canyon location (Upper vs Lower canyon)  
 pair-wise comparisons for Primula cusickiana var. maguirei .......................................... 47 
 
 vii 
LIST OF FIGURES 
Figure  Page 
2-1 Western United States and Logan Canyon study sites for  
 Primula cusickiana var. maguirei ..................................................................................... 24 
 
2-2 Measurements of P. cusickiana var. maguirei pin and thrum flowers.............................. 25 
 
2-3 Maguire primrose phenology and average air temperature at different Logan canyon 
locations ............................................................................................................................ 26 
 
2-4 Phenology of the Maguire Primrose by location, year, and morphology ......................... 27 
 
3-1  Western United States and Logan Canyon study sites for  
 P. cusickiana var. maguirei .............................................................................................. 48 
 
3-2 Hand pollination treatments and pollen movement for each flower morphology  
 performed on Primula cusickiana var. maguirei .............................................................. 49 
 
3-3 Primula cusickiana var. maguirei proportion fruit set (with error bars)  
 by treatment in 2008 (dashed line pattern) and 2009 (solid gray) .................................... 50 
 
3-4 Primula cusickiana var. maguirei average seed set for all treatments (with error bars) 
within flower morphologies, for both 2008 (dashed line pattern),  
 and 2009 (solid gray) ....................................................................................................... 51 
 
3-5 Primula cusickiana var. maguirei average seed set (with error bars) for all  
 treatments within canyon locations, for both 2008 (dashed line pattern),  
 and 2009 (solid gray) ........................................................................................................ 52 
 
CHAPTER 1 
INTRODUCTION 
 Scenic Logan canyon is located just east of Utah State University, and is characterized by 
extensive limestone cliffs and several endemic plant taxa.  Maguire primrose (= Primula 
cusickiana var. maguirei (Primulaceae), formerly Primula maguirei) is a distylous, endemic, 
threatened plant found only in Logan canyon (U.S. Fish and Wildlife Service 1985; Richards 
1993).  Other varieties of P. cusickiana, however, are found hundreds of kilometers away. 
Variety nevadensis is restricted to limestone outcrops in the Grand and Snake Mountains of 
eastern Nevada at elevations above tree line (~3100m – 3500m).  Variety domensis is found in 
Sawtooth canyon within the House Range of west-central Utah.  Variety cusickiana has been 
observed in sagebrush grassland communities of the Snake River Plain and surrounding foothills.   
Variety maguirei (my focus) is found only on dolomitic limestone and quartzite outcrops of 
Logan Canyon in northern Utah.  Each P. cusickiana variety is geographically isolated from the 
others and each has a unique phenotype (Kelso et al. 2009).  It seems that a separate species level 
classification was previously warranted and it is confusing why this taxon has been lumped in 
with its distinctive and disjunct congeners (Holmgren & Kelso 2001).  Despite my taxonomic 
questioning, in this thesis I adopt the most current nomenclature, referring to Maguire primrose as 
Primula cusickiana var. maguirei.   
 Primula cusickiana var. maguirei is a striking plant that is attractive to both the casual 
layman and seasoned botanist (not to mention bees – see Chapter 2).  The brilliant fuchsia flowers 
of Maguire primrose bloom in early spring within fissures of gray limestone, and are a sublime 
scene, if you can reach them.  Maguire primrose is primarily restricted to small pockets of soil 
found within limestone outcrops and cliffs of Logan Canyon, and frequently are found growing 
atop mosses. The bloom period of Maguire primrose stretches from mid April to late July 
depending on canyon location.   
2 
 My study is divided into two sections.  Chapter 2 addresses questions concerning the 
natural history of Maguire primrose, including: Does this primrose, like most primroses, have two 
different flower morphologies?  Do different canyon locations experience different temperature 
regimes, and different bloom timing?  What floral visitors does this plant attract?    
 Chapter 3 examines the reproductive processes within Maguire primrose flowers.  Here I 
examined the breeding system by performing various hand pollination treatments and analyzing 
the resulting seed set, and fruit set.  I also looked at seed set from naturally pollinated plants.  
With this information I then tested for fecundity differences resulting from flower morphology 
and canyon location.   
 As a federally listed plant under the protection of the Endangered Species Act (U.S. Fish 
and Wildlife Service 1985), one might expect basic information to be known about the Maguire 
primrose.  However, the only robust modern studies on this species have examined the genetic 
differentiation between the canyon populations (Wolf & Sinclair 1997; Bjerregaard & Wolf 
2008).  The recovery plan (U.S. Fish and Wildlife Service 1990) of the Maguire primrose states 
the specific goal of performing minimum viable population studies; 20 years later, this has not 
been achieved.  However, given this study, perhaps we are one step closer to understanding the 
minimum viable population size of the Maguire primrose.   
 
REFERENCES 
Bjerregaard L. & Wolf P. G. (2008) Strong genetic differentiation among neighboring 
populations of a locally endemic primrose. Western North American Naturalist 68: 66-
75. 
Holmgren N. H. & Kelso S. (2001) Primula cusickiana (Primulaceae) and its varieties. Brittonia 
53: 154-156. 
Kelso S., Beardsley P. M. & Weitemier K. (2009) Phylogeny and biogeography of Primula sect. 
Parryi (Primulaceae). International Journal of Plant Sciences 170: 93-106. 
Richards A. J. (1993) Primula. Timber Press, Portland, OR. 
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U.S. Fish and Wildlife Service (1985) Endangered and threatened wildlife and plants; final rule to 
determine Primula maguirei (Maguire primrose) to be a threatened species. Federal 
Register 50: 33731 - 33737. 
U.S. Fish and Wildlife Service (1990) Maguire primrose (Primula maguirei) recovery plan. 
Denver, CO. 
Wolf P. G. & Sinclair R. B. (1997) Highly differentiated populations of the narrow endemic plant 
Maguire primrose (Primula maguirei). Conservation Biology 11: 375-381. 
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CHAPTER 2 
NATURAL HISTORY OF MAGUIRE PRIMROSE, PRIMULA CUSICKIANA VAR. 
MAGUIREI (PRIMULACEAE) 
 
ABSTRACT 
Natural history information for rare plants can help land managers better understand the 
threats to extinction that a taxon may face.  Our focus is on the natural history of Maguire 
primrose (Primula cusickiana var. maguirei, Primulaceae), an endemic, threatened variety found 
along a narrow corridor within a single canyon in northern Utah, USA.  We examined floral 
morphology, air temperature and relative humidity during flowering, dichogamy, blooming 
period, and flying insects visiting this variety.  As with most Primula species, Maguire primrose 
displays distinct floral distyly.  Within the distylous flowers, 17% of our samples had a timing 
difference in the maturation of anthers and stigmas, a trait not previously recorded in any other 
Primula species.  Temperatures during the early spring blooming period fluctuated widely 
between recorded minima below 0ºC and maxima above 33ºC.  We captured eight different 
species of flying insects visiting Maguire primrose flowers in air temperatures ranging from 6ºC 
to 15ºC.  Bloom timing was not very synchronized between different canyon locations.  We 
observed only a small number of overlapping flowering plants between different canyon 
locations.  This threatened variety endures a cool early season blooming period, a dependence on 
visiting insects for outcrossing, and a disjunct population throughout the canyon, resulting in the 
potential for serious reproduction challenges. 
 
INTRODUCTION 
 
Plants with restricted distributions are especially at risk of extinction because locally 
adverse conditions can be more detrimental than for a widespread species.  Furthermore, 
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narrowly restricted plants usually have smaller effective population sizes resulting in fewer 
individuals available for mating.  Land managers charged with conserving rare and narrowly 
distributed plants rely on sufficient natural history information to make critical management 
decisions.  Here we examine the basic biology of a primrose known only from a 20-km corridor 
of a river canyon in northern Utah, USA.  Despite being listed as a threatened plant by the U.S. 
Fish & Wildlife Service (1985), fundamental biological information of the Maguire primrose 
(Primula cusickiana var. maguirei L. O. Williams) has yet to be recorded (U.S. Fish and Wildlife 
Service 1990).  Our examination of P. cusickiana var. maguirei is focused on five main 
questions: 
1)  Is there flower distyly, as seen in most primroses? 
2)  Do populations at different canyon locations experience different temperature regimes? 
3)  Do anthers and stigmas mature at different times within a flower (is dichogamy present)? 
4)  Do populations differ in phenology? 
 5)  What insects and other animals visit flowers of P. cusickiana var. maguirei?  
 
Distribution & Taxonomy 
Primula species have a widespread global distribution in a variety of terrestrial 
ecosystems (Guggisberg et al. 2006), with the majority of species found in the sinohimalayan 
range of upper Burma, India, and China (Richards 2002).  Western North American Primula 
species are found primarily in alpine and subalpine wet habitats (Kelso et al. 2009), and comprise 
only ~4% (20 species) of the global Primula diversity (Richards 1993). 
Primula subgenus Auriculastrum section Parryi is a group of seven North American 
primroses exhibiting involute leaf venation, syncolpate pollen, and heterostyly (Richards 2002; 
Mast et al. 2006).  Section Parryi is composed of P. parryi, P. capillaris, P. rusbyi, and the P. 
cusickiana complex.  Each of the four P. cusickiana varieties is geographically isolated from one 
another and found in different soils.  Variety maguirei (formerly P. maguirei) is found only on 
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limestone, dolomitic limestone, and quartzite outcrops of Logan Canyon in northern Utah (Kelso 
et al. 2009).  Despite their geographic and soil parent material differences, all P. cusickiana 
varieties are found in moist habitat pockets within their ranges.   
 
Reproduction & Outcrossing 
Some plant species exhibit distinctly distylous flowers with consistent di- or tri-
morphisms.  In Primula, the dimorphism is “reciprocal herkogamy” because the spatial separation 
of sexually reproductive parts (anthers and stigmas) are a mirror image of one another (Mast & 
Conti 2006).  Reciprocal herkogamy is seen in ~91% of Primula species, where “pin” morphs 
have long styles which extend to the mouth of the corolla tube, and “thrum” morphs show shorter 
styles that are recessed deeper within the corolla tube (Richards 1993).  Anther placement is 
similarly reciprocal: thrum morphs have anthers at the mouth of the corolla tube, whereas pin 
morph anthers are located deeper within the corolla tube.  Individual Primula plants typically 
display one flower morph or the other.  Insect visitors that move between flower morphologies 
have pollen deposited on their bodies in a way that is thought to promote “legitimate” 
outcrossing, which is reproduction resulting from inter morph pollen transfer (Darwin 1877).  
Inter morph outcrossing is also promoted by self incompatibility systems present in stigmas of 
both pin and thrum plants, and selects for pollen from the opposite morph (Richards 1993).  
Although most Primula species are heterostylous, some of these heterostylous species can 
occasionally self fertilize (Kelso 1992; Richards 2002).  Carlson et al. (2008) examined the 
breeding system of P. tschuktschorum, a distylous North American arctic species, and found only 
weak self and intra morph incompatibility interactions that allow for some self fertilization, 
perhaps as a  reproductive assurance in an occasionally pollinator-limited arctic environment.  
Additionally, a few distylous Primula species exhibit a homostyle flower morphology that is a 
combination of pin and thrum characteristics; these individuals are usually able to self fertilize 
because of a breakdown in the self incompatibility system (Richards 2002).  Dichogamy, the 
7 
temporal offset of anther and stigma maturation, is another mechanism that may lessen the 
possibility of self fertilization (Barrett 2002a), and decrease sexual interference (Barrett 2002b).  
However, to our knowledge dichogamy has not been reported in any Primula species.   
Considering the two floral morphologies and incompatibility constraints common among 
its congeners, rare Primula species may face outcrossing challenges.  The combination of 
heterostyly and self incompatibility systems results in reproductive constraints that reduce the 
number of potential mates, such that, for each individual plant, only about half of an entire 
population is available for legitimate outcrossing.  The number of potential mates is further 
reduced for P. cusickiana var. maguirei due to its geographic distribution; individuals are spread 
along a narrow canyon where bud break and development are likely temperature dependent 
(Karlsson 2002), resulting in blooming times that are only partially synchronous with one 
another. 
 
Phenology & Temperature 
Cool temperatures during emergence and blooming can pose multiple reproductive 
hurdles for spring blooming Primula and their pollinators.  Plants must be able to develop and 
reproduce in cool temperatures, and have receptive flowers available for pollination when it is 
warm enough for the pollinators themselves.  Additionally, expected future climate changes may 
disrupt selfing rates, as well as the synchronicity of bloom timing with insect emergence, a 
critical factor in outcrossed reproduction for pollinator dependent Primula (McKee & Richards 
1998; Price & Waser 1998).  We examine these critical insect interactions, the timing of 
blooming at different canyon locations, as well as the current temperature conditions during 
blooming and development for P. cusickiana var. maguirei.  These natural history details will 
hopefully assist management agencies charged with protecting this threatened variety. 
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MATERIALS AND METHODS 
Study Area 
 Field work took place exclusively in Logan Canyon located within the Bear River 
Mountains of northern Utah, USA (Fig. 2-1).  Logan Canyon is a sinuous chasm containing the 
Logan River, and is characterized by extensive limestone cliffs.  Primula cusickiana var. 
maguirei has only been observed along a 20-km section of Logan Canyon scattered at exposed 
cliff areas, most of which are on north facing slopes within approximately 1-km of the Logan 
River (U.S. Fish and Wildlife Service 1985).  Plants are found between 1400 and 1800 m 
elevations in exposed areas with small limestone cracks and ledges containing shallow soils.  
Two disjunct populations of Maguire primrose are found within Logan canyon.  We used five 
locations of plants for our study, three of which (“Greenhouse Wall,” “First Practice Wall,” and 
“Second Practice Wall”) are in the lower canyon group, and two of which (“Seed Source” and 
“Band In The Sky”) are in the upper canyon group (Fig. 2-1).  These two canyon locations are 
approximately 12-km apart and have different associate plants: Juniperus and Artemisia dominate 
the lower canyon areas, while Pseudotsuga forest dominates the upper canyon locations.  At the 
upper canyon locations we have observed P. cusickiana var. maguirei growing with multiple 
moss species including Tortula princeps and Weissia spp. (Pottiaceae).  We selected locations 
based on the number of plants available, accessibility of plants, and safety considerations. 
 
Clones, Distyly, & Dichogamy 
During our field experiments, we noted plants with similar flower morphologies clumped 
together suggesting a clonal nature of P. cusickiana var. maguirei.  Clonal growth of P. 
cusickiana var. maguirei may pose additional outcrossing challenges if pollinators only visit 
pockets of flowering plants instead of moving between them.  Kelso et al. (2009) recently 
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reported clonal growth in section Parryi.  To see if clonal growth is occurring, we delicately 
excavated two groups of plants growing in shallow loose soil to examine stems and roots. 
To determine if Primula cusickiana var. maguirei is distylous, we collected flowers from 
upper and lower canyon locations to measure floral features.  Topmost flowers from 116 
individuals (about 1:1 lower canyon, upper canyon) were randomly collected from plants growing 
> 1 m apart to ensure independence among individuals.  Sampled flowers were then 
longitudinally sectioned in the laboratory.  Dissected flowers were photographed with a 
micrometer scale for reference, and we used Carnoy software (Biovolution, Belgium) to measure 
five distances from the pistil base, to the nearest 0.01 mm.  We measured four commonly 
dimorphic characters: pistil length, maximum and minimum anther height, and corolla tube 
length.  In addition, sepal length was measured to explore whether this character is diagnostic of 
flower morphology at the bud stage, and because it has occasionally varied by morph in other 
Primula (Carlson et al. 2008).  We used two sample t-tests, assuming unequal variances, to test 
for differences between morphologies. 
We tested for the presence of dichogamy, the temporal offset of stigma and anther 
maturation, from topmost flowers at different ages (unopened flowers to withering flowers) from 
each grouped canyon location.  Flower age was determined by flower color, size, and shape.  
Twenty-four individual flowers (6 from the lower canyon (SPW) in 2008, 11 from the lower 
canyon (FPW & GHW) in 2009, and 7 from the upper canyon (BITS) in 2009) were collected and 
dissected to isolate their stigmas and anthers.  We immersed stigmas in H2O2 and examined them 
microscopically for the evolution of bubbles as evidence of stigma maturation (Kearns & Inouye 
1993).  
  
Phenology 
To examine variation in timing of bloom along Logan Canyon, we repeatedly visited 
designated sites to count the number of open intact flowers.  We also recorded the morphology 
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(pin or thrum) of the flowers.  Monitoring sites were typically pockets of plants composed of 
multiple flowering scapes.  We picked a diversity of accessible plant pockets throughout our 
canyon locations to comprise monitoring sites that were representative of the habitats present.  
We monitored upper and lower canyon locations in 2008 and 2009.  In 2008, 152 monitoring sites 
were observed (101 lower canyon, 51 upper canyon), and in 2009, 159 monitoring sites were 
observed (98 lower canyon, 61 upper canyon).  Each monitored sites had between 0 and 40 
flowering scapes.  We monitored sites every 2 to 6 days in 2008 and every 5 days in 2009.  We 
monitored flowering as early in the season as was safely possible, and continued until the bloom 
ended at the designated sites.  Our results included both the natural blooming and withering of 
flowers, as well as the removal of intact flowers due to herbivory. 
 
Temperature & Insect Visitors 
To document temperatures and relative humidities during early bloom of P. cusickiana 
var. maguirei, we placed Hobo field sensors (Onset Computer Corp. Bourne, MA) among 
populations to record conditions every thirty minutes from 4/19/2008 - 7/14/2008 and from 
3/22/2009 - 6/30/2009.  We placed seven sensors in the lower canyon population, and three 
sensors in the upper canyon population in concert with monitoring efforts by the US Forest 
Service (Torti 2008).  Our disproportionate sensor distribution aimed to document the greater 
habitat variability found within lower canyon sites.  Sensors were placed in microsites 
representing the temperature and relative humidity conditions the plants experienced, often 
directly adjacent to existing plants. 
We collected insect visitors via aerial net when possible.  Date, time and location of 
collection specimens were recorded.  Collections were deposited and accessioned in the USDA 
US National Pollinating Insects Collection at Utah State University. 
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RESULTS 
Clones, Distyly, & Dichogamy 
 Excavations in 2008 indicate that P. cusickiana var. maguirei can be clonal.  We 
observed rhizomes 9 cm in length, connecting two plants of the same flower morphology.  The 
specimen is deposited in the Intermountain Herbarium in Logan UT, USA (UTC#250355).  This 
evidence, coupled with our field observations of small pockets of plants with the same flower 
morphology, suggests that this variety is often naturally clonal.  Additionally, another 
Intermountain Herbarium specimen also demonstrates clonal growth (UTC#00184462).   
 We observed clear separation of floral characters into pin and thrum categories (Fig. 2-2).  
All sampled flowers had distinct morphology membership, with 62 pin plants and 54 thrum 
plants.  Of the floral characters measured, only two characters had overlapping ranges between 
morphologies: sepal length and corolla tube length.  Sepal length was the only character that did 
not show significant morphology specific differences (P= 0.294); all other characters were 
significantly different between morphs. 
Of the 24 flowers measured for dichogamy, 4 individuals (3 thrum and 1 pin) had mature 
stigma surfaces, but anthers that were not dehisced (protogyny).  Flowers of the 20 other 
individuals matured anthers and stigmas concurrently, or had not yet reached maturity.    
 
Phenology 
Populations at the lower canyon locations bloomed from April 28 - May 25 2008, and 
slightly earlier in 2009 (April 12 - May 19).  Upper canyon populations bloomed from May 15 - 
June 20 2008, and from May 4 - June 3 2009.  Upper and lower canyon blooming differences 
were clearly observed during both field seasons (Fig. 2-3), with 10 - 15 days of overlap.  The 
overlap was a brief window of time where a small number of late blooming lower canyon 
individuals were flowering concurrently with a few early blooming upper canyon plants (12 km 
12 
away).  Additionally, the numbers of pin and thrum flowers available at given times was 
somewhat variable, but generally followed overall flower pulses that were not morph specific 
(Fig. 2-4).  We also observed herbivory at some of our monitoring sites.  Snails of the Oreohelix 
genus were observed directly chewing on the fleshy leaves of seedling and mature P. cusickiana 
var. maguirei.  Other herbivory damage was likely caused by small rodents, such as the bushy-
tailed woodrat (Neotoma cinerea, Muridae) as reported by Bjerregaard & Wolf (2008).  In 2009, 
we observed herbivory at ~ 21% of the monitoring sites, with damage ranging from the removal 
of single flowers to the removal of all above ground plant structures.  In 2009, we observed more 
herbivory damage at lower canyon monitoring sites (24.5%) than upper canyon monitoring sites 
(18.5%).  Our 2008 data set did not consistently record herbivory damage, and therefore was not 
examined further. 
 
Temperature & Insect Visitors 
The phenology and development of established P. cusickiana var. maguirei plants is 
likely tied to microsite temperatures, as has been shown with other Primula species (Karlsson 
2002).  We observed that the lower canyon was warmer (in average and maximum temperatures) 
than the upper canyon, and consequently plants bloomed much earlier than upper canyon 
populations (Fig. 2-3).  Lower canyon plants also experienced larger temperature fluctuations 
(maximum ºC – minimum ºC) relative to the upper canyon plants.  Lower canyon temperature 
fluctuations were 27ºC in 2008, and 34ºC in 2009.  Upper canyon plants experienced temperature 
fluctuations half that range:  14ºC and 18ºC in 2008 and 2009, respectively (Table 2-1). 
Of the visitors to P. cusickiana var. maguirei flowers, we captured eight insect species 
(Table 2-2), and made 67 visual observations (Table 2-3).  Air temperature at collection time of 
insect specimens ranged from 6.6º - 15.4ºC, with a mean of 11.7ºC.  In 2008, we observed White-
lined sphinx moths (Hyles lineata, Sphingidae) visiting upper canyon locations at dusk, but did 
not see them at all in 2009.  We twice observed (May 11 and 19 2008) broad-tailed 
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hummingbirds (Selasphorus platycercus, Trochilidae) visiting P. cusickiana var. maguirei.  Large 
Anthophora pacifica bees (both sexes), were the most abundant visitor that we captured. 
 
DISCUSSION 
Distyly 
About 91% of all Primula species are distylous, which usually promotes outcrossing 
(Richards 2002).  However, distyly reduces the number of potential plants that an individual may 
legitimately mate with (Barrett 2002a).  This could be a substantial reproductive cost for a rare, 
patchily distributed species, and reproduction may depend on the neighbor density and 
morphology, as observed in P. sieboldii (Ishihama et al. 2006).  We measured four floral 
characters of P. cusickiana var. maguirei that had distinct dimorphism.  Sepal lengths did not 
differ between pin and thrum morphologies, meaning this character can not be used as a pre-
bloom identifier.  The corolla tube depths of each morphology were not entirely dissimilar from 
one another, but averages were statistically different.  It is unclear what the role of longer corolla 
tubes in thrum morphs may be.  Perhaps there are maternal advantages to entice visiting 
pollinators to reach nectaries at the base of deeper flowers, and in doing so, make better stigmatic 
contact (Nishihiro et al. 2000).  There is probably no such maternal selective pressure in pin 
morphs, as any pollinators near the corolla tube opening likely results in stigmatic contact.  It 
seems, however, that pin anthers would similarly benefit from deeper corolla tubes, but selective 
pressure may be stronger towards female fitness advantages as pollen is relatively abundant and 
easily transferred.   
The six other congeners in section Parryi likewise display clear distyly (Kelso et al. 
2009).  Additionally, we observed no homostyles, those morphs that are usually self compatible 
and share a combination of traits from both pin and thrum morphologies, in collected samples or 
during field observations. (Richards 1993; Guggisberg et al. 2006; Mast et al. 2006). 
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Dichogamy  
Contrary to expectations, our tests suggest that stigmas of P. cusickiana var. maguirei 
may become receptive 1 – 2 days before their anthers dehisce.  Evidence of any dichogamy in the 
Primula genus has not been demonstrated as far as we know, and could be a novel finding.  
Dichogamy can minimize self fertilization (Barrett 2002a), and help to avoid sexual interference 
through reduced gamete wasting and fitness reduction (Barrett 2002b).  However, earlier stigma 
maturation is probably not very influential for P. cusickiana var. maguirei, as anthers mature only 
a short time after their stigmas, and 83% of our sampled flowers did not show dichogamous 
tendencies.  Additionally, our tests suggest that stigmas of old withering flowers might remain 
receptive.  Having receptive stigmas throughout the bloom could give P. cusickiana var. maguirei 
more opportunity to outcross, assuming a pollen selection or self-incompatibility mechanism is 
present (Richards 1993).  However, stigmas of late stage flowers that are dusted with pollen could 
give a false positive result; occasionally pollen can react with H2O2 and give results that suggest 
stigma receptivity (Kearns & Inouye 1993).  Further testing of this trait is required to confirm or 
negate the results of our experiment.  Because distylous Primula already have spatial separation 
of their reproductive structures (herkogamy) and usually have self incompatibility systems, 
evolutionary forces selecting for dichogamy are not expected to be strong in Primula (Barrett 
2002b).   
 
Phenology 
Although 12-km separates upper and lower canyon locations, our study confirms a 
disparate blooming period (Bjerregaard & Wolf 2008).  The lower canyon location is found at a 
wide section of Logan Canyon, which receives long periods of direct sunlight each day during the 
early spring.  The upper canyon location, however, is at a steep and narrow stretch of Logan 
Canyon, and though only ~ 100 m higher than the lower canyon location, it remains shaded for 
most of each day.  Due to the elevation, landform, and sun exposure differences, the upper 
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canyon snow pack lasts longer than that of the lower canyon.  Although both locations face north, 
we suspect that landscape features explain the temperature differences, and therefore, bloom 
timing differences observed in P. cusickiana var. maguirei phenology.  Historical impacts may 
help to explain the current distribution of disparate P. cusickiana var. maguirei populations in 
Logan Canyon.  Humans have drastically impacted the natural environment of Logan Canyon 
through widespread grazing and timber harvesting in the late 19th and early 20th centuries 
(English 1971; Speth & Peterson 1980; Gore 1998).  However, two previous studies of P. 
cusickiana var. maguirei (Wolf & Sinclair 1997; Bjerregaard & Wolf 2008) observed strong 
genetic differentiation between upper and lower canyon populations, suggesting isolation and 
subsequent divergence long before humans began impacting Logan canyon.  Genetic 
differentiation in P. cusickiana var. maguirei may be influenced by physical and biotic location 
characteristics through differing selection pressures.  Furthermore, genetic differences will likely 
be maintained if phenology continues to reduce the opportunity for gene flow between upper and 
lower canyon populations (Figure 3).  Future studies to understand the complex interactions of 
these factors might benefit from a direct measure of gene flow among plants (Ishihama et al. 
2005).   
Our observed number of P. cusickiana var. maguirei pin and thrum flowers at monitoring 
sites were variable throughout the blooming period, but generally followed the overall pattern of 
flower pulses (Fig. 2-4).  Although a previous study found a 1:1 ratio of pin and thrum plants 
(Bjerregaard & Wolf 2008) there still may be a difference in the number of pin and thrum flowers 
blooming at a given time.  The slight differences in pin and thrum flower pulses suggests that 
although the ratio of plants is equal, outcrossing constraints for P. cusickiana var. maguirei may 
still exist.  Outcrossing success in patchy subpopulations with few individuals would likely be 
negatively affected by morph-specific flower pulses.  However, as outcrossing rates for both 
morphologies were not diminished for naturally pollinated plants (See Chapter 3), we conclude 
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that the morphology ratio is approximately equal, as is expected for most distylous Primula 
species (Richards 1993). 
 The observation of pulses may be partially explained by the growth habit of P. cusickiana 
var. maguirei, our monitoring methodology, and herbivory.  Individual plants can have single or 
multiple scapes, with each scape bearing 1-6 flowers.  Plants also seem to spread by rhizome to 
form dense clones in suitable areas.  Microsite temperature differences throughout the canyon 
likely contribute to pulses of flowers; pockets of plants growing together (presumably clones if 
members of the same morphology) seemed to bloom at roughly the same time.  Additionally, our 
monitored plants are but an arbitrary sample of the entire population, and if under-sampled, may 
misrepresent the actual ratios present.  The large number of flowers at inaccessible locations may 
balance out the observed pulses in blooming flowers at different times.  Additionally, number of 
flowers at some monitoring sites was reduced by herbivory, which may also explain flower 
pulses.  In 2009, 21% of our monitored sites were damaged by herbivory.   
The P. cusickiana var. maguirei phenology in the 2008 and 2009 field season seemed to 
be adequately synchronized with pollinator occurrence.  Primula cusickiana var. maguirei was an 
early bloomer in the Bear River Range and visited by early emerging bees, especially Anthophora 
species.  Although the P. cusickiana var. maguirei blooms experienced freezes, days often 
warmed enough for biotic pollen vectors to visit the plant.  Polylectic generalist bees seemed to 
be the main pollinators of Maguire primrose.  Generalist pollinators rely on a wide diversity and 
abundance of blooming plants, making them a relatively stable vector for this threatened primrose 
(Gibson et al. 2006; Carvalheiro et al. 2008; Ebeling et al. 2008), barring any drastic flower 
timing shifts (Miller-Rushing & Inouye 2009). 
 
Temperature 
McKee and Richards (1998) grew five Primula species under controlled greenhouse 
conditions, and as expected, found early blooming species (P. vulgaris, P. veris, and P. scotica) 
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were able to tolerate near freezing temperatures much better than the late blooming species (P. 
frondosa and P. farinosa).  It is likely that P. cusickiana var. maguirei is similarly adapted to low 
temperatures, but may still be affected by early spring conditions:  Unusually cool temperatures 
may prevent or discourage insect visitations (Lundberg 1980), whereas unusually warm 
conditions may result in changed selfing rates.  McKee and Richards (1998) showed that early 
blooming Primula species exposed to warmer temperatures during blooming periods resulted in 
increased selfing and illegitimate xenogamy rates, via breakdown in the self incompatibility 
system.  However, it is unknown whether plant development, bud break, and flowering occur at a 
fixed date or is temperature dependent.  Therefore, future climate change may push flowering 
dates and pollinator emergence earlier, negatively affect legitimate outcrossing rates, or increase 
this varieties self fertilization and intra morph outcrossing rates, depending on the local 
temperature and plant mediated phenology response.  
 
Visitors 
Our pollinator observations and collections were intended to give an important first 
glance at the diversity of visitors on P. cusickiana var. maguirei.  Identifying even a small 
number of visitors to P. cusickiana var. maguirei is an important first step in understanding its 
relationship with pollinators.  The observed visitors included a limited diversity of animals, all of 
which are floral generalists.  Future quantitative studies focusing on visitation rates, and pollen 
transfer success of would provide more important information about this outcrossing species. 
 
CONCLUSIONS 
Understanding the basic natural history information of a species can provide important 
details to land managers and be critical to its conservation, management, and ultimately its 
protection.  Although few management activities are currently proposed, these details concerning 
the threatened Maguire primrose may come into play in the future.  Regrettably, however, little 
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natural history information is known about many of our threatened and endangered plants, 
especially in the Intermountain region of western North America.  Primula cusickiana var. 
maguirei has a role that appears to be dependent upon the early blooming local flora for pollinator 
support, and a response to temperature that warrants further study.  Understanding other aspects 
of P. cusickiana var. maguirei life cycle, particularly its breeding system, germination conditions, 
seedling establishment, and longevity, are also important components of its population dynamics, 
and ultimately, its viability. 
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Table 2-1  Temperature and Relative Humidity during Maguire primrose flowering periods.  
Averages were calculated across sites from multiple monitors.  Minima and maxima were from 
individual monitors placed within populations. 
 2008 2009 
 Lower 
Canyon 
Upper 
Canyon 
Lower 
Canyon 
Upper 
Canyon 
ºC Average  10.2 8.8 9.4 10.0 
ºC Minimum  -0.2 3.0 -0.2 0.6 
ºC Maximum  26.9 16.8 33.7 18.8 
ºC Range (max-min) 27.1 13.9 34.0 18.2 
Average Relative Humidity 65.5 82.3 64.9 76.0 
Minimum Relative Humidity 19.9 33.0 14.9 27.3 
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Table 2-2  Insects captured visiting Maguire primrose, and collection information.  All specimens 
deposited in the US National Pollinating Insects Collection at Utah State University. 
Captured  
visitors  Location 
Sex  
or type 
Date,  
time 
collected 
Ave. ºC at 
collection Accession # 
Osmia 
austromaritima 
First Practice 
Wall Male 
4/19/09, 
14:40 11.2 
 
BBSL771069 
Anthophora pacifica First Practice Wall Male 
4/19/09, 
14:24 11.2 
 
BBSL771070 
Dialictus sp. First Practice Wall - 
4/19/09, 
14:45 11.4 
 
BBSL771071 
Anthophora pacifica Second Practice Wall Male 
4/21/09, 
11:56 12.8 
 
BBSL771072 
Anthophora pacifica Second Practice Wall Male 
4/21/09, 
12:02 12.8 
 
BBSL771073 
Anthophora pacifica Second Practice Wall Male 
4/21/09, 
13:35 14.2 BBSL771074 
Anthophora pacifica Second Practice Wall Female 
4/22/09, 
09:40 11.1 BBSL771075 
Anthophora pacifica Second Practice Wall Female 
4/22/09, 
12:24 15.4 BBSL771077 
Bombus centralis Second Practice Wall Worker 
4/22/09, 
12:05 14.9 BBSL771076 
Anthophora pacifica Second Practice Wall Female 
4/27/09, 
14:45 8.9 BBSL771081 
Anthophora pacifica Second Practice Wall Male 
4/27/09, 
11:20 6.6 BBSL771079 
Anthophora pacifica Second Practice Wall Male 
4/27/09, 
11:33 6.6 BBSL771080 
Bombyliidae (Family) Second Practice Wall - 
4/27/09, 
10:32 6.9 BBSL771078 
Habropoda cineraria Band in the Sky Female 
5/11/09, 
14:25 11.8 BBSL771082 
Anthophora pacifica Band in the Sky Female 
5/17/09, 
11:24 11.1 BBSL771085 
Habropoda cineraria Band in the Sky Female 
5/18/09, 
15:13 14.8 BBSL771088 
Bombus bifarius Band in the Sky Worker 
5/18/09, 
14:52 14.8 BBSL771087 
Osmia lignaria 
propinqua 
Band in the 
Sky Male 
5/18/09, 
14:46 14.8 BBSL771086 
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Table 2-3  Observed number of visitors to Maguire primrose by location for combined 2008 and 
2009 field efforts.   
Observed 
visitors Location # of Observations 
Andrena sp. First Practice Wall 1 
Anthophora sp. * First Practice Wall 1 
Andrena sp. Greenhouse Wall 1 
Anthophora sp. * Greenhouse Wall 4 
Bombus centralis  Greenhouse Wall 1 
Bombus spp. Greenhouse Wall 7 
Bombyllidae (Family) Greenhouse Wall 2 
Anthophora sp. * Second Practice Wall 11 
Bombus spp. Second Practice Wall 5 
Lepidoptera Second Practice Wall 2 
Anthophora sp. * Seed Source 1 
Bombus nevadensis   Seed Source 1 
Bombus spp. Seed Source 1 
Hyles lineata Seed Source 3 
Selasphorus platycercus Seed Source 2 
Anthophora sp. * Band in the Sky 14 
Bombus spp. Band in the Sky 8 
Osmia spp. Band in the Sky 2 
* Anthophora sp. and Habropoda sp. were not distinguishable in visitation observations.  
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Fig. 2-1  Western United States and Logan Canyon study locations for P. cusickiana var. 
maguirei.   
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Fig. 2-2  Measurements of P. cusickiana var. maguirei pin and thrum flowers.  All length 
measurements were taken from the pistil base.   Max Anther Height is the measurement to the 
anther apex, whereas Min Anther Height is taken to the anther nadir.  Differences between 
morphologies were tested using two sample t-tests assuming unequal variances (* P < 0.05, *** P 
< 0.001).  
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Fig. 2-3  Maguire primrose phenology and average air temperature at different Logan canyon 
locations.  Average temperatures (light gray solid and dashed lines) were calculated from 7 Hobo 
monitors at the lower canyon, and 3 Hobo monitors at the upper canyon, and scaled to the left y-
axis.  The number of flowers present at lower canyon populations (solid black line) and upper 
canyon populations (dashed black line) are scaled to the right y-axis.  Scales of y-axes differ 
between figures.   
27 
 
 
            
          
Fig. 2-4  Phenology of the Maguire primrose by location, year, and morphology.  
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CHAPTER 3 
BREEDING SYSTEM OF THE THREATENED, ENDEMIC, PRIMULA CUSICKIANA VAR. 
MAGUIREI (PRIMULACEAE) IN UTAH1 
 
ABSTRACT 
Maguire primrose (Primula cusickiana var. maguirei) is a threatened, narrow endemic 
found only along a 20-km section within a single canyon in northern Utah, USA.  Here we 
describe the mixed breeding strategy of this perennial, distylous, cliff dwelling plant to better 
understand any reproductive constraints that may be present.  Inter morph outcrossing treatments 
were the most successful hand pollinations performed, but were usually inferior to natural 
pollination.  Intra morph outcrossing also was somewhat successful, but was consistently inferior 
to inter morph outcrossing.  Seed set resulting from autogamy and geitonogamy was least 
productive.  Morphology-specific differences in seed set were observed for our hand pollinations, 
but not in natural pollination conditions.  Pollinators play a crucial role by providing the pollen 
transfer necessary for maximal seed set by Maguire primrose. 
 
INTRODUCTION 
Rare plants can face many challenges to their continued survival, including small 
population sizes, restricted ranges, dependence on pollinators, and inbreeding depression, as well 
as a suite of anthropogenic threats including illegal collection, habitat degradation, and grazing 
from livestock.  Breeding systems studies are a common first step towards identifying specific 
threats to a rare plant (Karron 1991; Richards 1997; Yates & Ladd 2004; Duan & Liu 2007).  
Such studies help to identify the mode of reproduction, and the important interactions (or lack 
thereof) a plant has with its environment (Lucas & Synge 1981).  Plants exhibit a broad diversity 
                                                 
1 Coauthored by Jacob B. Davidson, Susan L. Durham, and Paul G. Wolf 
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of breeding strategies, ranging from complete selfing to obligate outcrossing.  Many species, 
however, display mixed breeding strategies.  Normally outcrossing plants occasionally self 
fertilize due to a break down in their self-incompatibility systems, which may be facilitated by a 
suite of environmental factors.  Additionally, plants that usually self fertilize when pollinators are 
limited may also outcross when pollinators are present.  Therefore, the particular breeding 
strategy can vary in response to a wide range of factors including seasonal temperature 
conditions, access to adequate moisture and nutrients, synchronous plant and pollinator 
phenology, timing and availability of local pollinators, and historical relationships with 
pollinators (Franceschinelli & Bawa 2000).  Most outcrossing plants rely on wind or pollinators 
for successful reproduction and seed set, and this relationship can be particularly important for 
rare plants in reduced numbers.   
Complex relationships often exist between outcrossing plants and their pollinators, which 
can be further complicated by flower architecture.  Herkogamy is the spatial separation of pollen 
and stigmas, and is seen in the genus Primula where pistils and stamens are distinctly separated 
within an elongated corolla tube.  Additionally, ~ 95% of all Primula species have two 
morphologies (“morphs”) in which the reproductive flower parts are mirror images of one another 
(Clusius 1583; Darwin 1877; Richards 2002).  “Pin” morphs are characterized by long styles that 
extend the entire length of the corolla tube, anthers near the base of the corolla tube, long stigma 
papillae, and small pollen grains.  Pins are homozygous recessive for the S locus (ss).  “Thrum” 
morphs are characterized by anthers at the mouth of the corolla tube, styles that are recessed 
nearly half way down the corolla tubes, short stigma papillae, and large pollen grains.  Thrums 
are heterozygous for the S locus (Ss).  Individual plants belong to one morph or the other and 
because each morph has spatial separation of reproductive parts at a mirrored image of the other, 
Primula flowers are characterized as having “reciprocal herkogamy”.  This floral structure 
promotes inter morph outcrossing, as an insect visiting one morph and then another will likely 
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have pollen deposited in appropriate places to peform pollination (Darwin 1877).  However, 
dimorphism in most Primula species lends itself to other combinations of potential outcrossing 
reproduction events as well.  Outcrossing of distylous Primula species can take place within the 
same morph (termed “illegitimate xenogamy”), as well as with the opposite morph (termed 
“legitimate xenogamy”).  Generally, Primula reproduction from inter morph (“legitimate”) 
outcrossing events is the most successful, and is controlled through a self-incompatibility system 
(Darwin 1877; Mast & Conti 2006). 
The focus of this study is the Maguire primrose, Primula maguirei (Williams 1936) (= 
Primula cusickiana var. maguirei (Holmgren & Kelso 2001)), in subgenus Auriculastrum, section 
Parryi (Richards 1993).  Maguire primrose is a small perennial plant known for its early 
emergence and small fuchsia flowers atop erect scapes.  It grows in small cracks and shallow 
soils on dolomitic limestone outcrops at only one place; Logan canyon in northern Utah, USA.  
There are two disjunct populations of Primula cusickiana var. maguirei in Logan canyon.  Due to 
its narrow range, restricted habitat, and small population size, the Maguire primrose was 
designated as a threatened species in 1985 by the U.S. Fish and Wildlife Service.  Its basic 
breeding system information, relationships with pollinators, abiotic habitat requirements, and 
minimum viable population size have yet to be addressed (U.S. Fish and Wildlife Service 1990).  
Further knowledge of these systems can inform land managers and recovery strategies for this 
threatened, narrow endemic plant.   
 
Breeding System Questions 
We examined the breeding system of Maguire primrose to specifically address the 
following:   
1) Does selfing result in seed set or fruit set, and is this process dependent on pollinators? 
2) Does outcrossing result in greater seed set or fruit set than does selfing? 
3) Does legitimate outcrossing result in greater seed set or fruit set than illegitimate outcrossing? 
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4) Are there morph-specific differences in seed set or fruit set for naturally-pollinated and hand-
pollinated plants?   
5) Do populations at different canyon locations have different reproductive characteristics?  
 
MATERIAL AND METHODS 
Study Site 
Field experiments were conducted in the spring of 2008 and 2009 at Logan Canyon in 
northern Utah, USA (Fig. 3-1).  Study sites were located in both the upper and lower reaches of 
the canyon about 12-km apart, along exposed limestone outcrops.  Primula cusickiana var. 
maguirei is not distributed continuously in Logan canyon, but is separated by a distinct gap 
between populations.  In 2008, one site was selected in each canyon location: “Green House 
Wall” at the lower canyon, and “Seed Source” at the upper canyon.  The 2009 field season 
included the same sites as the previous year, plus one additional site at each canyon location: 
“Second Practice Wall” at the lower canyon, and “Band in the Sky” at the upper canyon.  Sites 
were selected based on known locations of plants, number of plants available, and accessibility 
issues.  
 
Breeding System Treatments 
To determine the breeding system of Primula cusickiana var. maguirei, we studied a 
variety of reproduction treatments in the field (Fig. 3-2).  Treatments included approximately 
equal numbers of: Autogamy, Geitonogamy, Illegitimate xenogamy, Legitimate xenogamy, and 
Open control (Table 3-1).  Autogamous reproduction (AU) was tested by allowing self pollination 
to occur, but with no flower manipulations.  Geitonogamous reproduction (GE) was tested by 
hand-transferring pollen from one flower to a different flower on the same individual.  
Illegitimate xenogamy (IX) was tested by hand-transferring pollen between separate individuals 
of the same morphology.  Legitimate xenogamy (LX) was tested by hand-transferring pollen 
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between separate individuals of opposite morphology.  AU and all hand pollination treatments 
excluded pollinators.  Open control (OC) treatments, however, were open to visits by natural 
pollinators, had no pollinator exclusions, and did not receive any hand pollen transfers.  Pollinator 
exclusions were suspended white tulle mesh bags placed over entire budded inflorescences of 
individual plants (Kearns C. A. & Inouye 1993).  We selected open control (OC) plants in areas 
not adjacent to pollinator exclusions, to avoid insect visitation bias that may have resulted from 
our tulle mesh bags on neighboring plants.  As scapes extended and flowers opened, we adjusted 
exclusion bags to fit plants.  Pollinator exclusions remained in place over inflorescences until we 
collected developed capsules.   
We hand pollinated the topmost flower once for each study plant, under appropriate 
temperatures when insect visitation was observed (usually between 6 and 15ºC; see chapter 2 for 
more details).  We cycled treatments to eliminate possible auto-correlation.  Each year we 
sampled different individual plants, haphazardly chosen from safely accessible plants.  For pollen 
transfers, we used fine forceps scratched with emery cloth.  Between treatments, we cleaned 
forceps with a soft cloth.  Pollen sources for hand pollinations were collected daily from at least 
two newly-opened flowers, two or more meters away from the pollen recipient to avoid possible 
clones.  Geitonogamy (pollen transferred within an individual) was performed when the topmost 
flower was receptive, and a lower flower was freshly dehisced. We did not transfer pollen 
between canyon locations.  We chose not to emasculate any individuals in this study, as this 
technique damaged flowers (Bjerregaard & Wolf 2008).   
 
Capsules 
We collected fruiting capsules as each individual dried out, became papery, and 
neighboring plant capsules began to dehisce.  For all treatments, only the uppermost capsule was 
collected.  We used microscopy to dissect capsules and count seeds within six months of 
collection.  We counted seeds in single-blind fashion to the specific pollination treatment for all 
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capsules except open controls.  Capsule contents were classified as developed seeds or 
undeveloped ovules based on two characteristics: a large swollen size and opaqueness indicated 
double fertilization (ovary and endosperm development), whereas small size and transparency 
indicated incomplete fertilization, non-fertilization, or abortion of the ovule.  Therefore, contents 
were classified as seeds only if they had both a large swollen size and an opaquely filled 
chamber; all other combinations of characters were classified as ovules.     
 
Statistical Analysis 
Both fruit set and seed set as measures of reproductive success were analyzed 
independently for each field season (2008 and 2009), using an ANOVA-like generalized linear 
regression to model, predict, and compare reproductive success of our treatments.  To examine 
reproductive data with a large range in seed counts (from 0 to 65 seeds), successful fruit set was 
characterized as a capsule that developed two or more seeds; this allowed for a comparison with 
those capsules setting little to no seed (0 or 1 seed) by summarizing reproductive success into 
binary terms (fruit/no fruit) (Table 3-1).  Our fruit set definition was a stringent approach 
requiring a capsule to have two or more seeds to be classified as fruit, thereby reducing the 
chance of misidentification of an unfertilized ovules as a seed.  Consequently, fruit set analysis 
only considered the presence or absence of developed seeds, ignoring the abundance of seeds 
produced in order to more efficiently identify successful reproduction factors in our models.  
Seed set analysis, however, examined treatments across location and morphology, by taking into 
account the differences in seed abundance and thereby identifying the factors affecting number of 
seeds produced in our models.  
To determine a parsimonious set of explanatory variables for seed set, we used an 
iterative simplification process, starting with a relatively complex model containing treatment, 
morphology, canyon location and interactions of treatment with morphology, and treatment with 
canyon location as predictors for a combination of zero-inflated and negative binomial 
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components (Table 3-2).  Interactions initially included were chosen based on biological 
considerations.  An explanatory term was deleted from a given model component if data support 
for significance was lacking, based on (1) significance of parameter estimates associated with the 
term; (2) the overall test of significance for terms; (3) a likelihood ratio test comparing a model 
including the term, to a model omitting the term; and (4) an information criterion (AICc).  Data 
analyses were computed using procedures in SAS/ETS software, version 9.1.3 in the SAS System 
for Windows.  We took a neo fisherian approach when interpreting significance of model 
components and pairwise comparisons.  We deemed P-values between approximately 0.1 and 
0.06 “marginally significant”, while P-values less than 0.06 were deemed “significant” (Hurlbert 
& Lombardi 2009). 
 The effects of treatment (with 5 levels: autogamy, geitonogamy, illegitimate xenogamy, 
legitimate xenogamy, and open control), morphology (with 2 levels: pin and thrum), and canyon 
location (with 2 levels: lower canyon and upper canyon) on the proportion of individuals that set 
fruit were assessed using a generalized linear model (see above for model selection process) with 
a binary distribution and a logit link.  Comparisons among least squares means were computed as 
needed; family-wise Type I error rate was controlled using the step-down Bonferroni method.  
Computations were performed using the GLIMMIX procedure.    
 For seed set analysis, initial screening of distributions appropriate for count data 
(Poisson, negative binomial, zero-inflated Poisson, and zero-inflated negative binomial) indicated 
that the zero-inflated negative binomial distribution provided dramatically better fit than the other 
distributions.  This screening used the COUNTREG procedure in SAS/ETS with the 
PROBCOUNTS macro (available on the SAS Institute Inc. website).  Subsequently, the effects of 
morphology, and canyon location on seed set were assessed using a generalized linear model for a 
zero-inflated negative binomial distribution with a logit link for the zero-inflated component and 
a log link for the negative binomial component (Table 3-2).  The parameterization of the model 
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was based on suggestions made by McLerran (2003).  The error rate for multiple tests among 
means was controlled using the step-down Bonferroni method.  Computations used the 
NLMIXED and MULTTEST procedures.  
 
RESULTS 
Fruit Set Model 
The most parsimonious model for fruit set in 2009 included the following explanatory 
variables:  treatment, canyon location, an interaction term of treatment and location, and flower 
morphology (Table 3-3).  The most parsimonious model for fruit set in 2008 included treatment, 
canyon location, flower morphology, and an interaction of treatment and flower morphology 
(Table 3-3).  Significant explanatory variables for 2009 fruit set included treatment and flower 
morphology.  Neither canyon location nor the interaction of treatment with canyon location were 
deemed to be significant in 2009.  Significant explanatory variables for 2008 fruit set included 
treatment, canyon location, and flower morphology.  The interaction of treatment with 
morphology was deemed not significant.  These models showed the same robust and consistent 
trends seen in other models with fewer factors and also had a reasonable fit with the data.  The 
consistent trends observed during model selection suggest an avoidance of Simpson’s paradox 
(the detection of erroneous trends from combining data) (Pearson et al. 1899).  Although type I 
errors are also made more probable under our model selection methodology, expected differences 
between treatments were consistent with our observed trends, and our models retained the most 
biologically relevant variables. 
 
Seed Set Model 
The excess zeros of the seed set data best fit a combination of zero-inflated Poisson and 
zero-inflated negative binomial parameterized models (Table 3-2).  Due to a large number of zero 
counts, the seed set data best followed a zero-inflated negative binomial distribution that is a 
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mixture of a zero-inflated (binomial) component and a negative biomial component.  In both 
2008 and 2009, significant explanatory variables included treatment type, morphology, canyon 
location, and an interaction of treatment type with morphology (Table 3-4).  Interaction for 
treatment type and canyon location, and the number of flowers on treatment scapes were also 
significant effects in our 2009 analysis.  Data for number of flowers were incomplete in 2008 and 
could not be considered in our analysis for that year.   
 
Breeding System Questions 
1) Does selfing result in seed set or fruit set, and is this process dependent on 
pollinators?  Our tests for pollinator dependent selfing compared fruit set and seed set for 
autogamy and geitonogamy treatments, including interactions with canyon location and 
morphology factors (Table 3-5).  Although geitonogamy set more fruit than autogamy in 2009, 
there was no evidence of a difference in 2008 (Fig. 3-3).  Within the pin morph maternal plants, 
we observed geitonogamy setting more seeds than autogamy in 2009, but not in 2008 (Table 3-5, 
Fig. 3-4).  We observed no location based differences in selfing treatments for either study year 
(Table 3-5, Fig. 3-5).  Both autogamy and geitonogamy set few seeds, but marginally more seeds 
were produced in pollinator mediated selfing, although generally the differences were statistically 
indistinguishable. 
2) Does outcrossing result in greater seed set or fruit set than does selfing?  We 
compared two selfing treatments (autogamy and geitonogamy) with two outcrossing treatments 
(illegitimate and legitimate xenogamy) (Table 3-6).  In 2008 and 2009, both selfing treatments set 
significantly fewer fruit than legitimate xenogamy (Fig. 3-3).  However, we observed a 
significant fruit set difference between autogamy and illegitimate xenogamy only in 2009, 
whereas all other fruit set selfing comparisons with illegitimate xenogamy were deemed non-
significant.   
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We observed significant seed set differences in 2009 between selfing treatments of both 
morphologies and canyon locations when compared with legitimate xenogamy (Table 3-6,       
Fig. 3-4).  We also observed significant differences in autogamy and illegitimate xenogamy, both 
at the lower canyon location, and within maternal pin plants in 2009.  In 2008, however, only 
selfing treatments on pin morphs and autogamy treatments at the upper canyon location had 
significant seed set differences with legitimate xenogamy.  Geitonogamy seed set, regardless of 
morph or canyon location, was not significantly different from illegitimate xenogamy in 2008, or 
in 2009. 
Of our hand pollination treatments, outcrossing resulted in the highest seed set and fruit 
sets.  Depending on the year and morphology, mean legitimate xenogamy set was 3.9 to 16.0 
times greater than autogamy, and 2.4 to 7.1 times greater than geitonogamy (Table 3-1).  Our 
comparisons of selfing and illegitimate xenogamy treatments were not consistently different in 
their direction or significance.   
3) Does legitimate outcrossing result in greater seed set or fruit set than illegitimate 
outcrossing?  In 2009, but not in 2008, fruit set from legitimate xenogamy was significantly 
greater than fruit set from illegitimate xenogamy (Table 3-7, Fig. 3-3).  Seed set from legitimate 
xenogamy, regardless of morph or canyon location, was significantly greater than illegitimate 
xenogamy in 2009 (Table 3-7, Fig. 3-4, Fig. 3-5).  However, in 2008, seed set from legitimate 
xenogamy was not significantly different than illegitimate xenogamy for any morph-based or 
location-based comparison.  In 2009, we observed that legitimate outcrossing resulted in greater 
seed set and fruit set than illegitimate xenogamy; 2008, showed no differences.   
4) Are there morph-specific differences in seed set or fruit set for naturally-pollinated 
and hand-pollinated plants?  Within each treatment, we compared the seed set and fruit set of 
each morphology (Table 3-8).  Flower morphology explained a significant portion of the variance 
in our fruit set and seed set models in both 2008 and 2009.  In 2009, we observed significant 
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differences between morphologies for geitonogamy, illegitimate xenogamy, and legitimate 
xenogamy treatments; no treatments had significant morph-specific differences in 2008 (Table 3-
8, Fig. 3-4).  For open control treatments, maternal thrum plants averaged more seed set than 
maternal pin plants (Table 3-1), but this difference was not deemed significant.  However, our 
significantly different morph-specific hand pollinations resulted in greater seed set in maternal 
pin plants (Fig. 3-4).  We observed greater seed sets in pin morphs for most of our hand 
pollination treatments, but in naturally pollinated conditions, we observed a trend towards greater 
seed sets in thrum morphs.   
5) Do populations at different canyon locations have different reproductive 
characteristics?  We compared fruit set and seed set between canyon locations for each treatment 
(Table 3-9).  Because canyon location was a significant effect in most of our models (see above), 
we examined the direction of the difference between upper and lower canyon.  The seed set and 
fruit set of all treatments were not deemed to be significantly different between canyon locations 
(Fig. 3-5).  Overall, fecundity differences based on canyon location explained some of the 
variance in our seed set models, but their effects were not clear.   
 
DISCUSSION 
Reproduction Questions 
Among hand pollinated treatments, we observed consistently higher seed set in pin plants 
than thrum plants (Fig. 3-4).  This can be explained by floral structure; the extended stigmas of 
pin morphs were much easier to access, and less pollen was lost, or compromised, than when 
attempting to reach the recessed stigmas found beneath thrum anthers.  Our naturally pollinated 
open control treatments did not have significant seed set differences between morphologies.  For 
open control treatments, thrum morphs showed a trend towards greater seed sets than open 
control pin morphs.  Perhaps open control thrums tended to have greater seed set because of 
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selfing resulting from pollen transfer within a flower; we expect pollen movement to stigmas in 
thrum morphs to be easier than in pin morphs due to gravity mediated pollen transfer (Fig. 3-4).  
Because of our hand-pollination bias towards pin plants, and morphology-based fecundity 
differences (possibly more selfing in thrums), our comparisons and reproduction questions 
include both broad treatment comparisons through fruit set, and morph-specific comparisons 
through seed set.  Additionally, canyon location was examined for influence on fecundity because 
of differences in phenology and temperature during flowering.  
Autogamous fruit set and seed set were inferior to geitonogamy for most of our 
comparisons, indicating that although selfing is possible it is a poor reproductive assurance 
mechanism because it relies on pollinators.  Isolated individual plants (e.g., colonists) with only 
occasional insect visitors could presumably set more seeds if a pollen vector was present, even if 
the vector only moved pollen among the multiple flowers of an individual.  If future climate 
change disrupts synchronicity with pollinators, autogamous reproduction may become a more 
important reproductive assurance strategy, assuming altered temperature regimes do not bolster 
the self-incompatibility system (McKee & Richards 1998).  Selfing resulted in the poorest seed 
sets (~ 5 seeds per capsule) and fruit sets (~ 30 % of capsules with seeds) of all treatment 
comparisons, and it is doubtful that a population could persist under pure selfing conditions. 
We also compared selfing to outcrossing treatments.  We observed superior xenogamous 
reproduction under some but not all comparisons.  Illegitimate xenogamy occasionally yielded 
more seeds and fruits than autogamy, but did not have significant differences from 
geitonogamous selfing treatments (Table 3-1, Table 3-6, Fig. 3-3, Fig. 3-4).  Legitimate 
xenogamy treatments usually resulted in greater fecundity in comparison to both selfing 
treatments, as expected.  Outcrossing has advantages for plant reproduction, including crucial 
heterozygosity resulting in greater trait variability, greater chances for improved fitness, and 
ultimately better adaptation (Schemske & Lande 1985; Richards 1997; Barrett 2002).  Maguire 
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primrose, as a rare plant, may face reproductive challenges because legitimate outcrossing is the 
most successful method of reproduction.  Under legitimate xenogamy, the number of potential 
mates with which an individual may appropriately outcross is reduced by half.  The population 
morphology ratio is approximately 1:1 and results in only a 50% chance that an individual will 
receive appropriate pollen to maximize its reproduction efforts per pollinator visit.  Furthermore, 
the clonal nature of the Maguire primrose may reduce this probability further, because the 
individual scapes of a given morph may be surrounded by clones of the same morph.  A 
pollinator making multiple visits to a clone may result in only geitonogamous pollen transfer, or 
outcrossing with close relatives (Barrett & Kohn 1991).  Therefore population size, patch 
distribution, and pollinator behavior may be important factors affecting the reproduction system 
of Maguire primrose (Nishihiro et al. 2000) in addition to effects of temperature (McKee & 
Richards 1998).  However, we observed no evidence of pollinator limited reproduction because 
our naturally pollinated treatments (open controls) had superior fecundity compared to our 
outcrossed hand pollinations. 
Populations of the Maguire primrose bloom first in lower canyon, where it warms earlier 
in the year.  Temperatures at the lower canyon sites range from 0 to 30ºC during blooming 
periods, whereas the upper canyon is cooler and less thermally variable during blooming periods 
(see Chapter 2).  The bloom phenology in Logan Canyon likely is due to different spring 
temperatures that are influenced more by slope, aspect, site exposure, and surrounding plant 
communities than by mere elevation differences.  We expected the selfing treatments in the lower 
canyon to have greater success in seed set and fruit set, because previous Primula research by 
McKee & Richards (1998) demonstrated early blooming plants exposed to warm temperatures 
during bloom had increased selfing rates.  However, we observed no significant fecundity 
differences for any treatment type based on canyon location (Table 3-9, Fig. 3-5).  We did 
observe an ambiguous trend towards larger fecundities at the upper canyon location, but this was 
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neither consistent nor statistically significant.  Perhaps larger selfing fecundity trends at upper 
canyon locations could be attributed to windier conditions aiding pollen transfer in this narrow 
and gust prone section of Logan Canyon, rather than to air temperatures during flowering.   
 
Investigator Effects 
Plants without pollinator exclusions had considerably higher proportions of fruit set and 
larger seed sets than any of our other pollination treatments (Fig. 3-3, Fig. 3-4).  This perhaps is 
due to the single transfer of pollen each individual received in our hand pollination treatments, 
compared to the multiple pollination visits a non-excluded parent plant likely would receive by 
flying insects.  Additionally, improvement of our hand pollination technique may explain why we 
observed higher seed set in the upper canyon locations for all treatment comparisons in 2008.  
Our attempts at mimicking natural pollination scenarios were rarely as successful as the 
pollinators themselves, which suggests that our understanding of plant pollinator interactions for 
this plant is incomplete.  We did not examine if buzz pollination (the process of bees vibrating 
their wings to better collect pollen) was occurring with larger bees as has been documented with 
other members in the Primulaceae (Mast et al. 2004).  We also now wonder if wind can aid in 
pollen transfer in areas of high plant densities and thus influence fertilization rates for both 
selfing and outcrossing scenarios.  
Through our investigation, we found that Primula maguirei var. cusickiana selfing 
produces relatively few seeds compared to outcrossing scenarios (Table 3-1, Table 3-6, Fig. 3-3, 
Fig. 3-4).  Typically our inter morph outcrossings were the most successful of our hand 
pollinations, but often less successful than pollinating insects (Table 3-1, Fig. 3-3, Fig. 3-4).  
Morph-specific differences were seen in our hand pollinations, but not under natural pollination 
conditions (Table 3-1, Table 3-8, Fig. 3-4).  The upper canyon population seems to have larger 
fecundities than the lower canyon, but significant location-specific differences in pollination 
treatments were not detected (Fig. 3-5).   
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CONCLUSION 
Our study examining the breeding system of Primula maguirei var. cusickiana is the first 
of its kind for this taxon, and aims to provide accurate and relevant information to both the 
scientific community and land managers.  Primula maguirei var. cusickiana is a threatened, 
dimorphic endemic, with habitat and range restricted to a single canyon in northern Utah.  Further 
population ecology analyses of this plant may help to better understand the ecological threats and 
risks this species may face.  However, as noted by the U.S. Fish and Wildlife Service (1990), 
current anthropomorphic threats also are of concern.  Road widening, water development 
projects, and illegal plant collection appear to be the most pressing threats currently.  However, 
expected widespread climate change may alter habitat conditions and breeding systems directly 
(through temperature and microsite changes) and indirectly (through pollinator abundance and 
timing).  Future cliff plant ecology studies may help to understand seed dispersal, seedling 
recruitment, and seedling establishment dynamics present in these unique and exposed systems, 
and in turn help us predict the impacts of climate changes.  If we fail to understand these 
processes, we may find our conservation efforts for these areas to be resting on a dangerous 
precipice as well. 
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Table 3-2 Model factor distributions in seed set analysis for Primula cusickiana var. maguirei.  
 2008 2009 
Zero-inflated 
Poisson 
Treatment, Morphology, Canyon location Treatment 
   
Zero-inflated 
Negative 
Binomial 
Treatment, Morphology,  
Canyon location,  
Treatment and Morphology interaction,     
Treatment and Canyon location interaction 
Treatment, Morphology,  
Canyon location,  
Treatment and Morphology interaction, 
Treatment and Canyon location interaction, 
Number of Flowers 
 
 
Table 3-3 Model factors and their P-values of fruit set analysis for Primula cusickiana var. 
maguirei.  ** denotes significance, while * denotes marginal significance. 
 2008 2009 
Treatment <0.0001 ** <0.0001 ** 
Morphology 0.0730 * 0.0321 ** 
Canyon location 0.0002 ** 0.2668 
Treatment and Morphology interaction 0.7681  - 
Treatment and Canyon location interaction - 0.2523 
 
 
Table 3-4 Model factors and their P-values of seed set analysis for Primula cusickiana var. 
maguirei.  ** denotes significance, while * denotes marginal significance. 
 2008 2009 
Zero-inflated Negative binomial component   
    Treatment <0.0001 ** <0.0001 ** 
    Morphology 0.0321 ** <0.0001 ** 
    Canyon location 0.0055 ** 0.0086 ** 
    Treatment and Morphology interaction 0.0891 * <0.0001 ** 
    Treatment and Canyon location interaction 0.4867 0.0060 ** 
    Number of Flowers - 0.0012 ** 
 
 
Table 3-5  Adjusted P-values for autogamy and geitonogamy pair-wise comparisons for Primula 
cusickiana var. maguirei.  ** denotes significance.   
 2008 2009 
Fruit set  0.8636 0.0357 ** 
Seed set for Pins 1.0000 0.0371 ** 
Seed set for Thrums 1.0000 1.0000 
Seed set for Upper canyon 1.0000 1.0000 
Seed set for Lower canyon 1.0000 0.2537 
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Table 3-6  Adjusted P-values for selfing and outcrossing pair-wise comparisons for Primula 
cusickiana var. maguirei.  ** denotes significance, while * denotes near significance. 
 2008 2009 
 IX LX IX LX 
Fruit set for AU  0.2621  0.0271 ** 0.0216 ** <0.0001 ** 
Seed set for Pin AU  0.5246  0.0041 ** 0.0025 ** <0.0001 ** 
Seed set for Thrum AU  1.0000  1.0000 1.0000 <0.0001 ** 
Seed set for Upper canyon AU  0.3553   0.0455 **  1.0000 0.0004 ** 
Seed set for Lower canyon AU  1.0000 0.3733 0.0029 **  <0.0001 ** 
Fruit set for GE  0.2621  0.0271 ** 0.9259    0.0003 ** 
Seed set for Pin GE  1.0000 0.2206  1.0000 <0.0001 ** 
Seed set for Thrum GE  1.0000 1.0000 1.0000 <0.0001 ** 
Seed set for Upper canyon GE  1.0000 0.8596 1.0000 <0.0001 ** 
Seed set for Lower canyon GE  1.0000 1.0000 0.6359  <0.0001 ** 
 
 
Table 3-7  Adjusted P-values of outcrossing (IX v LX) pair-wise comparisons for Primula 
cusickiana var. maguirei.  ** denotes significance, while * denotes near significance. 
 2008 2009 
Fruit set  0.5039 <0.0001 ** 
Seed set for Pins 0.5481 <0.0001 ** 
Seed set for Thrums 1.0000 <0.0001 ** 
Seed set for Upper canyon 1.0000 <0.0001 ** 
Seed set for Lower canyon 1.0000 <0.0001 ** 
 
 
Table 3-8  Adjusted P-values of morphology specific pair-wise comparisons for Primula 
cusickiana var. maguirei.  ** denotes significance, while * denotes marginal significance. 
 2008 2009 
Fruit set across all treatments: Thrum v Pin 0.0730 * 0.0321 ** 
Seed set across all treatments: Thrum v Pin 0.0321 ** <0.0001 ** 
Seed set Open Control: Thrum > Pin 1.0000 1.0000 
Seed set Legitimate Xenogamy: Thrum < Pin 0.2182 0.0370 ** 
Seed set Illegitimate Xenogamy: Thrum < Pin 1.0000 0.0223 ** 
Seed set Geitonogamy: Thrum < Pin 1.0000 0.0539 * 
Seed set Autogamy: Thrum < Pin 1.0000 1.0000 
 
 
Table 3-9  Adjusted P-values of treatment and canyon location (Upper vs Lower canyon) pair-
wise comparisons for Primula cusickiana var. maguirei. ** denotes significance, while * denotes 
marginal significance. 
 2008 2009 
Fruit set  0.0002 ** 0.2668 
Seed set  0.0055 ** 0.0086 ** 
Seed set Open Control 1.0000 0.4357 
Seed set Legitimate Xenogamy 1.0000 1.0000 
Seed set Illegitimate Xenogamy 0.7438 1.0000 
Seed set Geitonogamy 1.0000 0.5252 
Seed set Autogamy 1.0000 0.4357 
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Fig 3-1  Western United States and Logan Canyon study sites for P. cusickiana var. maguirei. 
Upper canyon location includes Band in the Sky and Seed Source study sites.  Lower canyon 
location includes Green House Wall, First Practice Wall, and Second Practice Wall study sites. 
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Fig 3-3  Primula cusickiana var. maguirei proportion fruit set (with error bars) by treatment in 
2008 (dashed line pattern) and 2009 (solid gray).  Treatments with the same letter are not 
significantly different from one another.  Each year was analyzed separately.     
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Fig 3-4  Primula cusickiana var. maguirei average seed set for all treatments (with error bars) 
within flower morphologies, for both 2008 (dashed line pattern), and 2009 (solid gray). 
Treatments with the same letter are not significantly different from one another.  Each 
morphology, within each year was analyzed separately. 
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Fig 3-5  Primula cusickiana var. maguirei average seed set (with error bars) for all treatments 
within canyon locations, for both 2008 (dashed line pattern) and 2009 (solid gray).  No significant 
differences were noted between canyon locations within treatment types in each year.   
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CHAPTER 4 
CONCLUSIONS 
 Chapters 2 and 3 aimed to understand important information for Primula cusickiana var. 
maguirei, by considering basic biology of the species, so that future conservation efforts may be 
more appropriately implemented.   My natural history studies (Chapter 2) examined flower 
morphology differences observed in Maguire primrose, and investigated the timing of stigma and 
anther development.  I also examined the temperature regimes at different Maguire primrose 
populations, and the phenology of their blooms.  Additionally, I also provided preliminary data 
on insect visitors that are likely acting as pollen vectors for this plant.  My breeding system 
studies (Chapter 3) examined the specific fecundity differences resulting from various 
reproductive scenarios, as well as fecundities from naturally pollinated plants.   
Summary of findings 
My natural history studies indicate that: 
1) Maguire primrose displays two clearly distinctive flower morphologies (pin and thrum), 
without the presence of any homostyles observed.   
2) Upper and lower canyon locations experience different temperature regimes that likely 
explain the difference in flowering phenology between the two populations.  
3) Generalist polylectic bees are the most abundant visitors to Maguire primrose.   
4) There is tentative evidence that dichogamy (protogyny) may exist for the Maguire 
primrose, likely for a very short period (1 – 2 days).   
My Breeding system studies indicate that: 
1) Pollinator-dependent selfing (geitonogamy) typically results in higher seed set than 
autogamous selfing. 
2) Outcrossed reproduction typically results in higher seed set than selfing. 
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3) Legitimately outcrossed reproduction (inter-morph crosses), result in higher seed set than 
illegitimately outcrossed reproduction (intra-morph crosses). 
4) Morph-specific fecundities were different for some hand pollination scenarios during 
some years.   
5) It is unclear if there are fecundity differences between upper and lower canyon 
populations.   
 Recovery of rare plants can be a difficult challenge to management agencies faced with 
shrinking budgets and increasing management boundaries.  Luckily, the Maguire primrose seems 
to be fairly stable based on limited observations during the 2008 an 2009 field seasons.  This 
study, however, has only examined natural history and breeding system specifics of Primula 
cusickiana var. maguirei for two years, and large scale population monitoring was not part of our 
efforts.  Hopefully with long-term monitoring by the forest service, and future studies examining 
other specifics of the Maguire primrose life cycle, we may continue to learn more about this plant 
to better predict and address any threats it may face. 
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